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APPLICATION FOR 
UNITED STATES LETTERS PATENT 

[0001] A portion of the disclosure of this patent document contains 
5 material that is subject to copyright protection. The copyright owner has no 
objection to the facsimile reproduction by anyone of the patent document or 
the patent disclosure, as it appears in the Patent and Trademark office 
patent file or records, but otherwise reserves all copyright rights whatsoever. 

[0002] Be it known that we, Kent E. Crouse, a citizen of the United 
10 States, residing in Schaumburg, Illinois, William L. Keith, a citizen of the 
United States, residing in Algonquin, Illinois, and Gueorgui L. Grouev, a 
citizen of Bulgaria, residing in Arlington Heights, Illinois, have invented a 
new and useful "Software Controlled Electronic Dimming Ballast." 

BACKGROUND OF THE INVENTION 

15 [0003] The present invention relates generally to electronic dimming 
ballasts for gas discharge lamps. 

[0004] More particularly, this invention pertains to a software 
controlled electronic dimming ballast. 

[0005] Electronic dimming ballasts are well known in the art. These 
20 ballasts are typically designed to be connected to and receive power from an 
alternating current (AC) power source and to be connected to and supply AC 
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power to a lamp load including one or more gas discharge lamps. To facilitate 
this function, prior art ballasts usually include an alternating current/direct 
current (AC/DC) converter circuit 14 and an inverter circuit 18. The AC/DC 
converter circuit 14 converts low frequency AC voltage supplied by the AC 
5 power source into DC voltage and the inverter circuit 18 converts the DC 
voltage supplied by the AC/DC converter circuit 14 into high frequency AC 
voltage. In some applications, prior art ballasts may also include an 
electromagnetic interference (EMI) filter circuit, which is used to filter out 
noise in the ballast, and a power factor control circuit that is used to ensure 
10 that the power factor associated with the ballast stays at a desired level. 

[0006] As the name suggests, electronic dimming ballasts are also 
designed so that they can be used to dim the light output of the lamp load 
connected to one of these ballasts. To facilitate this function, electronic 
dimming ballasts usually include some type of dimming control circuit that 
15 can be used to decrease and increase the light output of the lamp load. The 
dimming control circuit usually accomplishes this function by simply 
decreasing and increasing the power supplied by the inverter circuit 18 to the 
lamp load. 

[0007] An example of a prior art electronic dimming ballast 
20 manufactured and sold by the assignee of the present invention, Universal 
Lighting Technologies, is shown in Fig. 1. This electronic dimming ballast is 
designed to be connected to and receive low frequency AC voltage from an AC 
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power source and to supply high frequency AC voltage to a lamp including 
one or more gas discharge lamps. The ballast includes an EMI filter circuit, 
an AC/DC converter circuit, a PFC circuit, an inverter circuit, and a dimming 
control circuit. 

[0008] The dimming control circuit includes a dimming control signal 
conditioning circuit, a microcontroller circuit, a pulse width modulator 
(PWM) circuit, and a lamp current sensing circuit. The dimming control 
signal conditioning circuit is used to receive a dimming control signal from an 
appropriate dimming control device and to generate a conditioned dimming 
control signal that can be applied to the microcontroller circuit. The 
microcontroller circuit is designed to generate a microcontroller dimming 
control signal based on the conditioned dimming control signal and to supply 
that signal to the PWM circuit. The lamp current sensing circuit is designed 
to receive a lamp current signal from the lamp load, to generate a lamp 
voltage signal based on that current signal, and to supply that voltage signal 
to the PWM circuit. 

[0009] The PWM circuit uses the microcontroller dimming control 
signal and the lamp voltage signal to generate and supply a pulse width 
modulated inverter dimming control signal to the inverter circuit in the 
ballast. More specifically, the PWM circuit generates an error signal by 
comparing the microcontroller dimming control signal and the lamp voltage 
signal using a differential amplifier and uses that error signal to generate the 
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appropriate pulse width modulated inverter dimming control signal. By 
varying the pulse width of the inverter dimming control signal, the dimming 
control circuit can vary the power supplied by the inverter circuit to the lamp 
and, as a result, can control the lamp load light output. 

5 [0010] Although the electronic dimming ballast shown in Fig. 1 does 
allow one to control the dimming level of the lamp load, it has several 
disadvantages. First, the dimming control circuit in this ballast requires a 
relatively high number of electronic components, i.e., the dimming control 
signal conditioning circuit, the microcontroller circuit, the PWM circuit, and 
10 the lamp current sensing circuit, and takes up a large amount of space in the 
ballast. This increases the size of the ballast and makes it undesirable in 
applications where available space is limited. Second, the high number of 
electronic components increases the overall cost of the ballast and makes it 
unsuitable for certain applications. 

15 [0011] What is needed, then, is an electronic dimming ballast that 
requires fewer components, is smaller, and is less expensive than the 
electronic dimming ballast discussed above, as well as other prior art 
electronic dimming ballasts suffering from similar problems. 

SUMMARY OF THE INVENTION 

20 [0012] Accordingly, one object of the present invention is to provide an 
electronic dimming ballast that includes fewer electronic components than 
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prior art electronic dimming ballasts. 

[0013] A second object is to provide an electronic dimming ballast that 
is smaller than prior art electronic dimming ballasts. 

[0014] Another object of the present invention is to provide an 
5 electronic dimming ballast that is less expensive than prior art electronic 
dimming ballasts. 

[0015] A fourth object is to provide a dimming control circuit for an 
electronic dimming ballast that includes fewer electronic components and 
takes up less space in an electronic dimming ballast than prior art dimming 
10 control circuits. 

[0016] Another object of the present invention is to provide an 
electronic dimming ballast that does not require the use of a PWM chip and 
its associated circuitry. 

[0017] These objects, and other objects that will become apparent to 
15 one skilled in the art, are satisfied by the software controlled electronic 
dimming ballast (the "software dimming ballast") of the present invention. 
In one embodiment, the software dimming ballast of the present invention 
includes an EMI filter circuit, an AC/DC converter circuit, a PFC circuit, an 
inverter circuit, a lamp dimming level feedback signal conditioning circuit, 
20 and a software controlled microcontroller circuit. The EMI filter circuit is 
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designed to receive low frequency AC voltage from an AC power source and to 
filter noise out of that voltage to generate a filtered low frequency AC voltage. 
The AC/DC converter circuit is designed to convert the filtered low frequency 
AC voltage into a rectified AC voltage and to supply that voltage to the PFC 
5 circuit. The PFC circuit is designed to convert the rectified AC voltage into a 
boosted DC voltage and to ensure that power drawn from the AC power 
source by the software dimming ballast has a desired power factor. 

[0018] The inverter circuit is designed to receive the boosted DC 
voltage from the PFC circuit and to generate high frequency AC voltages and 
10 currents that preheat, ignite, and cause the lamp to have a variety of 
different lamp dimming levels. The high frequency AC voltages and currents 
are generated by the inverter circuit based on inverter control signals 
received from the software controlled microcontroller circuit. 

[0019] The lamp dimming level feedback signal conditioning circuit is 

15 designed to sense lamp currents, to generate lamp dimming level feedback 
signals based on the sensed lamp currents, to condition these feedback 
signals to generate conditioned feedback signals that can be applied to the 
software controlled microcontroller circuit, and to supply these conditioned 
feedback signals to the software controlled microcontroller circuit. The 
20 conditioned feedback signals are representative of existing lamp dimming 
levels and the present invention uses these signals to determine if the lamp is 
at desired lamp dimming levels. 
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[0020] The software controlled microcontroller circuit is designed to 
generate the inverter control signals that cause the inverter circuit to 
generate the high frequency AC voltages and currents that preheat, ignite, 
and cause the lamp to have a variety of different lamp dimming levels. To 
5 generate these control signals, the software controlled microcontroller circuit 
includes a micro controller integrated circuit (IC) that is used to generate the 
control signals and control software that causes the microcontroller IC to 
generate the control signals. To generate an inverter control signal that 
causes the inverter circuit to generate an AC voltage and current that 

10 preheats the lamp, the control software causes the microcontroller IC to 
generate a pulse width modulated inverter control signal having a frequency 
that is much higher than the natural resonance frequency of a resonant 
output circuit included in the inverter circuit. To generate an inverter 
control signal that causes the inverter circuit to generate an AC voltage and 

15 current that ignites the lamp, the control software causes the microcontroller 
IC to generate a pulse width modulated inverter control signal having a 
frequency that is approximately equal to the natural resonance frequency of 
the resonant circuit. To generate inverter control signal that cause the 
inverter circuit to generate AC voltages and currents that cause the lamp to 

20 have different lamp dimming levels, the microcontroller IC is designed to 
receive and convert dimming control signals representative of desired lamp 
dimming levels and the conditioned lamp dimming level feedback signals 

i 
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representative of existing lamp dimming levels into digital data. The control 
software then uses this digital data to determine if the lamp is at desired 
lamp dimming levels and to generate pulse width modulated inverter control 
signals having varying duty cycles in order to vary the dimming level of the 
5 lamp. Each one of these control signals has a frequency that is slightly 
higher than the natural resonance frequency of the resonant circuit. 

[0021] The software controlled microcontroller circuit is also designed 
to monitor the low frequency AC voltage supplied to the software dimming 
ballast and to shut down the ballast if that voltage drops too low. In 
10 addition, the software controlled microcontroller circuit is further designed to 
monitor the operating condition of the lamp connected to the software 
dimming ballast and to shut down the ballast if the lamp reaches an end of 
lamp life fault condition. 

[0022] The embodiment of the present invention discussed above may 
15 vary in a number of different ways and these variations are described in more 
detail in the detailed description of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Fig. 1 is a block diagram showing a prior art electronic dimming 
ballast. 

20 [0024] Fig. 2 is a block diagram showing a preferred embodiment of the 
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software controlled electronic dimming ballast of the present invention. 

[0025] Fig. 3 is schematic showing a preferred embodiment of the EMI 
filter circuit and the AC/DC converter circuit of the present invention. 

[0026] Fig. 4 is a schematic showing a preferred embodiment of the 
5 PFC circuit of the present invention. 

[0027] Fig. 5 is a schematic showing a preferred embodiment of the 
voltage regulator circuit of the present invention. 

[0028] Fig. 6 is a schematic showing a preferred embodiment of the 

inverter circuit of the present invention. 

10 [0029] Fig. 7 is a schematic showing preferred embodiments of the 
microcontroller circuit and the lamp dimming level feedback signal 
conditioning circuit, and portions of the preferred embodiments of the PFC 
and inverter circuits of the present invention. 

[0030] Fig. 8 is a schematic showing an enlarged view of the preferred 
15 embodiment of the microcontroller circuit and preferred embodiments of the 
line voltage signal conditioning circuit and the blocking capacitor signal 
conditioning circuit of the present invention. 

[0031] Fig. 9 is a schematic showing an enlarged view of the preferred 
embodiment of the lamp dimming level feedback signal conditioning circuit. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0032] Referring now to Fig. 2, a preferred embodiment of the software 
controlled electronic dimming ballast 10 (the "software dimming ballast 10") 
of the present invention includes an electromagnetic interference (EMI) filter 
5 circuit 12, an alternating current/direct current (AC/DC) converter circuit 14, 
a power factor correction (PFC) circuit 16, an inverter circuit 18, a lamp 
dimming level feedback signal conditioning circuit 20, and a software 
controlled microcontroller circuit 22. 

[0033] The EMI filter circuit 

10 [0034] The EMI filter circuit 12 includes an EMI input so it can be 
connected to a 120 volt, 60 Hertz (Hz), sinusoidal AC power source 26 (the 
"AC power source 26") and receive low frequency, 60 Hz, sinusoidal AC input 
voltage (the "AC input voltage") from that source. The EMI filter circuit 12 
generates filtered low frequency sinusoidal AC voltage (the "filtered AC 

15 voltage") by filtering electromagnetic interference, i.e., noise, out of the 
voltage supplied by the AC power source 26 and supplies the filtered AC 
voltage to the AC/DC converter circuit 14. The filtered AC voltage is supplied 
to the AC/DC converter circuit 14 using an EMI output included with the 
EMI filter circuit 12. The EMI filter circuit 12 also prevents noise generated 

20 by the PFC circuit 16 and the inverter circuit 18 from passing back into the 
AC power source 26. 
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[0035] As shown in Fig. 3, the EMI filter circuit 12 includes a common 
mode choke 34, a differential mode line capacitor 36, a differential mode 
choke 38, a second differential mode line capacitor 40, and two line bypass 
capacitors, 42 and 44. The common mode choke 34 and the line bypass 
5 capacitors, 42 and 44, suppress common mode noise, and the differential 
mode line capacitors, 36 and 40, and choke 38 suppress differential mode 
noise. 

[0036] The AC/DC converter circuit 

[0037] The AC/DC converter circuit 14 (the "converter circuit 14") 
10 includes a converter input for receiving the filtered AC voltage from the EMI 
filter circuit 12 and a converter output for supplying a full wave rectified AC 
voltage (the "rectified AC voltage") to the PFC circuit 16. The converter 
circuit 14 rectifies the filtered AC voltage supplied by the EMI filter circuit 12 
using a full bridge rectifier (not shown). 

15 [0038] The PFC circuit 

[0039] The PFC circuit 16 causes power drawn from the AC power 
source 26 by the software dimming ballast 10 to have a power factor ranging 
from approximately 0.95 to 1 and supplies an approximately constant boosted 
DC voltage (the "boosted DC voltage") to the inverter circuit 18. The boosted 
20 DC voltage is approximately 450 volts DC. The PFC circuit 16 (see Fig. 4) 
includes a PFC input, a PFC input filter 56, a PFC transistor circuit 58, a 
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PFC control circuit 60, two PFC inductors, 62 and 64, a PFC diode 66, two 
bulk capacitors, 68 and 70, and a PFC output. 

[0040] The PFC input receives the rectified AC voltage from the 
converter circuit 14 and the PFC output supplies the boosted DC voltage to 
5 the inverter circuit 18. The PFC input filter 56 filters high frequency noise 
caused by high frequency switching of the PFC transistor circuit 58 and 
prevents that noise from passing back into the converter circuit 14 and the 
AC power source 26. The PFC control circuit 60 controls the PFC circuit 16 
so that it draws a DC current from the converter circuit 14 that has a 

10 waveform that is approximately the same as the waveform of the rectified AC 
voltage supplied by the converter circuit 14. The PFC control circuit 60 
accomplishes this function by periodically switching a PFC transistor 76 in 
the PFC transistor circuit 58 off and on, i.e., by periodically making the PFC 
transistor 76 nonconductive (off) and conductive (on), and by varying the 

15 frequency at which the PFC transistor 76 is switched off and on. The 
transistor switching frequency ranges from approximately 10-15 kHz. When 
the PFC transistor 76 is on, current flows from the converter circuit 14, 
through the PFC inductors, 62 and 64, and through the PFC transistor 76 to 
ground. When the PFC transistor 76 is off, energy stored in the PFC 

20 inductors, 62 and 64, causes current to flow out of the PFC inductors, 62 and 
64, through the PFC diode 66 to the bulk capacitors, 68 and 70. The 
resulting DC current charges the bulk capacitors, 68 and 70, and generates 
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the boosted DC voltage 52 that is supplied to the inverter circuit 18. The 
PFC diode 66 prevents current from flowing back from the bulk capacitors, 68 
and 70, into the PFC circuit 16. 

[0041] As shown in Fig. 4, the PFC input filter 56 is simply a capacitor 
5 56 (the "PFC capacitor 56"). The PFC capacitor 56 is sized so that it passes 
the rectified AC voltage generated by the converter circuit 14 and blocks 
higher frequency noise generated by the switching of the PFC transistor 
circuit 58. The PFC transistor circuit 58 includes the PFC transistor 76, a 
PFC gate resistor 78 for limiting gate current flow into the gate of the PFC 
10 transistor 76, and a PFC gate diode 80 for allowing gate current to flow out of 
the PFC transistor 76 and bypass the PFC gate resistor 78. 

[0042] The PFC control circuit 60 shown in Fig. 4 includes a multiplier 
input resistive voltage divider 82 (the "multiplier input divider 82"), a supply 
voltage resistive voltage divider 84 (the "supply voltage divider 84") 

15 connected to a supply voltage input filter 86, an output voltage resistive 
voltage divider 88 (the "output voltage divider 88"), a voltage feedback 
compensation network 90 (the "feedback network 90"), a zero current detector 
circuit 92, a current sense resistor 94, and a PFC integrated circuit (IC) 96 
(the "PFC IC 96"). The multiplier input divider 82 generates a rectified 

20 multiplier input voltage that is proportional to the rectified AC voltage 
supplied by the converter circuit 14 and supplies that voltage to a multiplier 
input pin on the PFC IC 96. The supply voltage divider 84 generates a 
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rectified supply voltage that is proportional to the rectified AC voltage 
supplied by the converter circuit 14 and the supply voltage input filter 86 
filters the rectified supply voltage to generate a filtered supply voltage that is 
an approximately constant DC supply voltage. This voltage is supplied to a 
5 PFC supply voltage input pin on the PFC IC 96. 

[0043] The output voltage divider 88 generates a feedback voltage that 
is proportional to the boosted DC voltage generated by the PFC circuit 16 and 
supplies that voltage to an inverting input pin on the PFC IC 96. The 
feedback network 90 is connected to the inverting input pin and a comparator 

10 input pin on the PFC IC 96 and ensures that the PFC control circuit 60 
operates in a stable manner. The zero current detector circuit 92 detects 
when the DC current flowing through the PFC inductor reaches zero, 
generates a zero current voltage indicative of that fact, and supplies this 
voltage to a zero current detector input on the PFC IC 96. The current sense 

15 resistor 94 generates a current sense voltage that is representative of current 
flowing through the PFC transistor 76 and supplies this voltage to a current 
sense input pin on the PFC IC 96. In addition to the pins referenced above, 
the PFC IC 96 also includes a ground input pin that is connected to ground 
and a gate driver output pin that is connected to the gate resistor 78 included 

20 with the PFC transistor circuit 58. 

[0044] The PFC IC 96 uses the voltage signals applied to its input pins 
to generate a gate driver voltage that is supplied to the PFC transistor 76 



Attorney Docket No. N8226 
Customer No. 23456 

using the gate driver output pin on the PFC IC 96. The gate driver voltage 
causes the PFC transistor 76 to switch off and on as indicated previously. 
The PFC IC 96 is a conventional PFC IC, part number L6561, manufactured 
and sold by STMicroelectronics. Detailed information regarding the internal 
5 structure and operation of this IC, as well as some of its associated circuitry 
discussed above, is described in Application Notes AN966 and AN1089 and a 
document entitled "Power Factor Corrector" published by STMicroelectronics. 
Those documents are hereby incorporated by reference into this application. 

[0045] The voltage regulator circuit 

10 [0046] As shown in Fig. 5, the PFC circuit 16 also includes a voltage 
regulator circuit 98 (the "regulator circuit 98") that generates +5 and +15 
voltage reference voltages that can be used by the various ICs included in the 
software dimming ballast 10. The regulator circuit 98 is connected to the 
zero current detector circuit 92 as shown in Fig. 5 and generates the +5 and 

15 +15 volt reference voltages based on a voltage generated across a capacitor 
100 in that circuit. The regulator circuit 98 includes a regulator IC 102, a 
regulator input filter 104, a +5 volt output filter 106, and a +15 volt output 
filter 108. 

[0047] The regulator IC 102 generates the +5 and +15 volt reference 
20 voltages output by the regulator circuit 98. The regulator IC 102 used in this 
embodiment is part number TLE 4484, manufactured and sold by Infineon. 

15 
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Detailed information regarding the internal structure and operation of this 
IC is described in a document entitled Dual Voltage Regulator with 5 and 15 
Volt Outputs, TLE 4484, published by Infineon. That document is hereby 
incorporated by reference into this application. 

5 [0048] The regulator input filter 104 smoothes the voltage that is 
generated by the zero current detector capacitor 100 and supplied to the 
regulator circuit 98 so that it is approximately constant, the +5 volt output 
filter 106 smoothes the +5 volt signal output by the regulator circuit 98 so 
that it is approximately constant, and the +15 volt output filter 108 smoothes 
10 the +15 volt signal output by the regulator circuit 98 so that it is 
approximately constant. As shown in Fig. 5, the regulator input filter 104 is 
simply a capacitor 103, the +5 volt output filter 106 is simply a pair of 
capacitors, 105 and 107, connected in parallel, and the +15 volt output filter 
108 is simply a pair of capacitors, 109 and 111, connected in parallel. 

15 [0049] The inverter circuit 

[0050] Referring to Figs. 2 and 6, the inverter circuit 18 converts the 
boosted DC voltage supplied by the PFC circuit 16 into high frequency 
sinusoidal AC output voltages (the "AC output voltages") and uses these 
voltages to supply high frequency sinusoidal AC output currents (the "AC 
20 output currents") to a fluorescent lamp 112 (the "lamp 112"). These voltages 
and currents are used to preheat, ignite, and vary the dimming level of the 
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lamp 112. 

[0051] To preheat that lamp 112, the inverter circuit 18 generates an 
AC output voltage and current having a frequency that is much higher than 
the natural resonance frequency of a resonant output circuit included in the 
5 inverter circuit 18. The resonant output circuit is described in more detail 
below. The magnitude of the AC output voltage generated by the inverter 
circuit 18 is relatively small compared to the magnitude of the boosted DC 
voltage supplied by the PFC circuit 16 and is insufficient to ignite the lamp 
112. 

10 [0052] To ignite the lamp 112, the inverter circuit 118 generates an AC 
output voltage and current having a frequency that is approximately equal to 
the natural resonance frequency of the resonant output circuit. This voltage 
has a magnitude that is approximately equal to the magnitude of the boosted 
DC voltage supplied by the PFC circuit 16 and is sufficient to ignite the lamp 

15 112. 

[0053] To vary the dimming level of the lamp 112, the inverter circuit 
18 generates AC output voltages and currents having the same frequency but 
that have varying magnitudes that depend on the desired dimming level of 
the lamp 112. Each one of these AC output voltages and currents has a 
20 frequency that is slightly higher than the natural resonance frequency of the 
resonant output circuit. 
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[0054] To increase the dimming level of the lamp, the inverter circuit 
18 decreases the magnitude of the AC output current. This causes the 
magnitude of the AC output current supplied to the lamp 112 to decrease and 
causes the lamp 112 to dim. In a similar manner, the inverter circuit 18 
5 increases the magnitude of the AC output current in order to decrease the 
lamp dimming level. This causes the magnitude of the AC output current 
supplied to the lamp 112 to increase and causes the lamp 112 to brighten. 

[0055] The inverter circuit 18 generates the AC output voltages and 
currents based on inverter control signals received from the software 
10 controlled microcontroller circuit 22. The inverter control signals and the 
software controlled micro controller 22 are described in more detail below. 

[0056] The inverter circuit 18 includes an inverter input that receives 
the boosted DC voltage supplied by the PFC circuit 16 and an inverter output 
that can be used to supply the AC output voltage to the lamp 112. The 
15 inverter circuit 18 also includes an inverter input filter 118, a half bridge 
transistor switching circuit 120 (the "transistor switching circuit 120"), a half 
bridge transistor switching control circuit 122 (the "switching control circuit 
122"), and a series resonant inductor/capacitor (LC) output circuit (the 
"resonant output circuit 124"). 

20 [0057] The inverter input filter 118 filters high frequency noise 
generated by the switching of the transistor switching circuit 120 and 
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prevents it from passing back to the PFC circuit 16 and the AC power source 
26. As shown in Fig. 6, the inverter input filter 118 is simply a capacitor 118 
(the "inverter capacitor 118") sized to pass DC voltage and to short circuit 
high frequency currents. 

5 [0058] The transistor switching circuit 120 converts the boosted DC 
voltage supplied by the PFC circuit 16 into high frequency pulsed AC 
voltages having magnitudes that vary from approximately zero to 450 volts, 
frequencies that range from being much higher, approximately equal to, and 
slightly higher than the natural resonance frequency of the resonant output 

10 circuit, and duty cycles that vary depending upon the desired lamp dimming 
level. The pulsed AC voltage having a frequency much higher than the 
natural resonant frequency of the resonant output circuit causes the inverter 
circuit 18 to generate the AC voltage and current necessary to preheat the 
lamp 112. The pulsed AC voltage having a frequency that is approximately 

15 equal to the natural resonant frequency causes the inverter circuit 18 to 
generate the AC voltage and current necessary to ignite the lamp 112. The 
pulsed AC voltages having frequencies that are slightly higher than the 
natural resonant frequency of the resonant output circuit and varying duty 
cycles cause the inverter circuit 18 to generate the AC voltages and currents 

20 that vary the dimming level of the lamp 112. 

[0059] The duty cycle of the pulsed AC voltages is defined as the ratio 
of the time that the pulsed AC voltage is 450 volts over the time that the 
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pulsed AC voltage is zero volts during a given period of the pulsed AC 
voltage. In other words, the duty cycle represents the percentage of time that 
the pulsed AC voltage is nonzero for a given period of the pulsed AC voltage. 

[0060] The transistor switching circuit 120 generates pulsed AC 
5 voltages having duty cycles ranging from approximately 20% for a maximum 
desired lamp dimming level to approximately 96% for a minimum desired 
lamp dimming level. 

[0061] As shown in Fig. 6, the transistor switching circuit 120 includes 
a high side power transistor 128 (the "HS transistor 128"), a high side 

10 transistor gate resistor 130 (the "HS gate resistor 130"), a high side transistor 
gate diode 132 (the "HS gate diode 132"), and a high side transistor blocking 
diode 134 (the "HS blocking diode 134"). The transistor switching circuit 120 
also includes a low side power transistor 136 (the "LS transistor 136"), a low 
side transistor gate resistor 138 (the "LS gate resistor 138"), a low side 

15 transistor gate diode 140 (the "LS gate diode 140"), and a low side transistor 
blocking diode 142 (the "LS blocking diode 142"). The transistor switching 
circuit 120 further includes four free wheeling diodes, 144, 146, 148, and 150, 
connected as indicated in Fig. 6. 

[0062] The HS gate resistor 130 limits gate current flowing into the 
20 gate of the HS transistor 128, the HS gate diode 132 allows gate current to 
flow out of the HS transistor 128 and bypass the HS gate resistor 130, and 

20 
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the HS blocking diode 134 prevents current from flowing from the resonant 
output circuit 124, through the HS transistor 128, and to the PFC circuit 16. 

[0063] The LS gate resistor 138, gate diode 140, and blocking diode 142 
operate in a similar manner with respect to the LS transistor 136. The LS 
5 gate resistor 138 limits gate current flowing into the gate of the LS transistor 
136, the LS gate diode 140 allows gate current to flow out of the LS transistor 
136 and bypass the LS gate resistor 138, and the LS blocking diode 142 
prevents current from flowing from the PFC circuit 16, through the LS 
transistor 136, and into the resonant output circuit 124. 

10 [0064] The pulsed AC voltages are generated by simply switching the 
HS and LS transistors off and on in a manner that converts direct current 
supplied by the PFC circuit 16 into alternating current. More specifically, 
the pulsed AC voltages are generated by alternating the switching of the HS 
and LS transistors. When the HS transistor 128 is on and the LS transistor 

15 136 is off, direct current flows from the PFC circuit 16, through the HS 
transistor 128, and into the resonant output circuit 124. When the LS 
transistor 136 is on and the HS transistor 128 is off, direct current cannot 
flow from the PFC circuit 16 into the transistor switching circuit 120. 
Instead, direct current flows in from the resonant output circuit 124 and 

20 through the LS transistor 136 to ground. 

[0065] The four free wheeling diodes, 144, 146, 148, and 150, are used 
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to conduct current when both transistors are turned off. The upper diodes, 
144 and 146, allow current to flow from the resonance output circuit 124 back 
to the PFC circuit 16 when the HS transistor 128 has been switched off. 
Similarly, the lower diodes, 148 and 150, allow current to flow from the PFC 
5 circuit 16 into the resonant output circuit 124 when the LS transistor 136 has 
been switched off. 

[0066] The switching control circuit 122 controls the transistor 
switching circuit 120 so that the duty cycle of the pulsed AC voltages ranges 
from approximately 20% to 96%. To perform this function, the switching 
10 control circuit 122 generates and outputs an internal HS control signal 152 
(see Fig. 6) that causes the HS transistor 128 to switch off and on, and 
generates and outputs an internal LS control signal 154 (see Fig. 6) that 
causes the LS transistor 136 to switch off and on. 

[0067] The internal HS and LS control signals are generated by the 
15 switching control circuit 122 based on inverter HS and LS control signals, 
156 and 158, respectively, received from the software controlled 
microcontroller circuit 22 (see Figs. 2 and 8) included with this embodiment 
of the present invention. The software controlled microcontroller circuit 22 is 
discussed in more detail below. The internal HS and LS control signals are 
20 pulse width modulated control signals. In a similar manner, the inverter HS 
and LS control signals are pulse width modulated control signals. The 
primary difference between the internal and inverter control signals is that 
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the internal control signals are suitable for driving the HS and LS transistors 
in the transistor switching circuit 120 and the inverter control signals are 
not. 

[0068] By varying the pulse widths of the inverter HS and LS control 
5 signals, the duty cycle of the pulsed AC voltages can be varied. If the pulse 
width is increased, the duty cycle increases. If the pulse width is decreased, 
the duty cycle decreases. 

[0069] As shown in Fig. 6, the switching control circuit 122 includes an 
inverter IC 122 (the "inverter IC 122") having a high side transistor drive 

10 input pin (the "HS drive input"), a low side transistor drive input pin (the "LS 
drive input"), an inverter supply voltage input pin (the "inverter supply 
input"), an inverter ground pin, a low side transistor drive output pin (the 
"LS drive output"), an inverter floating reference voltage output pin (the 
"inverter reference output"), a high side transistor drive output pin (the "HS 

15 drive output"), and a bootstrap supply voltage input pin (the "bootstrap 
supply input"). It is this circuit component that receives the inverter HS and 
LS control signals and outputs the internal HS and LS control signals. The 
inverter IC 122 is a conventional inverter IC, part number L6387, 
manufactured and sold by STMicroelectronics. Detailed information 

20 regarding the structure and operation of this IC is described in Application 
Note AN994 published by STMicroelectronics. That document is hereby 
incorporated by reference into this application. 
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[0070] The resonant output circuit 124 filters the pulsed AC voltages 
generated by the transistor switching circuit 120 to generate the AC output 
voltages that are supplied to the lamp 112. For the pulsed AC voltage having 
a frequency that is much higher than the natural resonance frequency of the 
5 resonant output circuit 124, the output circuit 124 converts the pulsed AC 
voltage into a sinusoidal AC voltage having a magnitude that is relatively 
small compared to the magnitude of the pulsed AC voltage. For the pulsed 
AC voltage having a frequency that is approximately equal to the natural 
resonance frequency, the output circuit 124 converts the pulsed AC voltage 
10 into a sinusoidal AC voltage having a magnitude that is approximately equal 
to the magnitude of the pulsed AC voltage. 

[0071] For the pulsed AC voltages having frequencies that are slightly 
higher than the natural resonance frequency and varying duty cycles, the 
output circuit 124 converts these voltages into sinusoidal AC voltages having 
15 magnitudes that vary depending upon the duty cycles of these pulsed AC 
voltages. For a pulsed AC voltage having a 96% duty cycle, the magnitude of 
the ac output current corresponds to full brightness. For a pulsed AC voltage 
having approximately 20% duty cycle, the magnitude of the AC output 
current corresponds to full dim. 

20 [0072] As indicated in Fig. 6, the resonant output circuit 124 includes 
three inductors connected in series, 160, 162, and 164, with a single capacitor 
166. In addition, the resonant output circuit 124 includes a lamp filament 
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warming and current limiting circuit 168 made up of a series of resistors, 
capacitors, and inductors. The three inductors, 160, 162, and 164, and the 
capacitor 166 perform the filtering of the square wave AC voltage 126 and 
cause the AC output voltage 110 to appear across the capacitor 166. The 
5 capacitor and inductors in the lamp filament warming and current limiting 
circuit 168 limit current flowing in the lamp 112 and the inductors are used 
to warm lamp filaments prior to lamp ignition. 

[0073] The inverter circuit 18 also includes a half bridge DC blocking 
capacitor 170 that is used to sense end of lamp life fault conditions as 
10 described in more detail below, i.e. positive DC rectification, negative DC 
rectification, or symmetric high voltage conditions. 

[0074] The software controlled microcontroller circuit 22 

[0075] The software controlled microcontroller circuit 22 (the 
"microcontroller circuit 22") is connected to the PFC circuit 16, inverter 
15 circuit 18, and the lamp dimming level feedback signal conditioning circuit 20 
as shown in Fig. 7 and is designed to perform a variety of different functions. 

[0076] The microcontroller circuit 22 is designed to generate inverter 
control signals that cause the inverter circuit 18 to supply the lamp 112 with 
appropriate voltages and currents for preheating, striking, and varying the 
20 dimming level of the lamp 112. The microcontroller circuit 22 is designed to 
monitor the AC input voltage supplied to the software dimming ballast 10 
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and to shut down the ballast if that voltage falls below a level that can be 
used by the inverter circuit 18 to supply the required voltages and currents to 
the lamp 112. The microcontroller circuit 22 is also designed to monitor the 
operating condition of the lamp 112 and, when the lamp 112 reaches an end 
5 of lamp life condition, to shut down the software dimming ballast 10. The 
microcontroller circuit 22 is further designed to control the dimming level of 
the lamp 112 based on analog or digital dimming control signals 
representative of a desired lamp dimming level and a lamp dimming level 
feedback signal representative of an existing lamp dimming level. 

10 [0077] The microcontroller circuit 22 implements its various functions 
using a microcontroller IC and control software loaded on that IC, both of 
which are discussed in more detail below. 

[0078] The microcontroller IC 

[0079] Referring now to Fig. 8, the microcontroller circuit 22 includes a 
15 microcontroller IC 172 that is used to generate the inverter HS and LS 
control signals, 156 and 158, that are supplied to the switching control circuit 
122 in the inverter circuit 18, and control software (not shown) that is used to 
cause the microcontroller IC 172 to generate those control signals. 

[0080] The microcontroller IC 172 includes an analog dimming control 
20 signal input (the "analog dimming input"), a digital dimming control signal 
input (the "digital dimming input"), a lamp dimming level feedback signal 
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input (the "lamp feedback input"), a line voltage feedback signal input (the 
"line feedback input"), a DC blocking capacitor feedback signal input (the 
"blocking capacitor feedback input"), a microcontroller HS transistor control 
signal output (the "microcontroller HS control output"), and a microcontroller 
5 LS transistor control signal output (the "microcontroller LS control output"). 

[0081] The microcontroller IC 172 shown in Fig. 8 is part number 
ATmega8, manufactured and sold by Atmel Corporation. The operation and 
capabilities of this IC are described in a document entitled "8-bit AVR with 
8K Bytes In-System Programmable Flash" published by Atmel. That 
10 document is hereby incorporated by reference into this application. 

[0082] The analog dimming input is designed to receive an analog DC 
voltage dimming control signal representative of a desired lamp dimming 
level 174 (the "analog dimming control signal 174"). The analog dimming 
control signal 174 may have a value ranging from 0-5 volts DC, with 0 volts 
15 representing a maximum lamp dimming level and 5 volts representing a 
minimum dimming level. This signal is used by the microcontroller circuit 22 
to determine the desired dimming level for the lamp 112. 

[0083] In a similar manner, the digital dimming input is designed to 

receive a digital dimming control signal 176 representative of a desired lamp 
20 dimming level. The digital dimming control signal 176 includes digital codes 
representing lamp dimming levels ranging from a minimum lamp dimming 
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level to a maximum lamp dimming level. As was the case with the analog 
dimming control signal 174, the microcontroller circuit 22 uses the digital 
dimming control signal 176 to determine the desired dimming level for the 
lamp 112. 

5 [0084] The lamp feedback input is connected to a lamp dimming level 
feedback signal conditioning circuit 20 (see Figs. 2 and 9), which is described 
in more detail below, and is designed to receive an analog DC voltage 
feedback signal 178 representative of an existing lamp dimming level 
generated by that circuit (the "lamp dimming level feedback signal 178"). 
10 The lamp dimming level feedback signal 178 may have a value ranging from 
0-5 volts DC, with 0 volts representing a maximum existing dimming level 
and 5 volts representing a minimum existing dimming level. The 
microcontroller circuit 22 uses this feedback signal to determine the existing 
lamp dimming level. 

15 [0085] The line feedback input is connected to the PFC circuit 16 
through a line voltage signal conditioning circuit 180 (see Fig. 8) and is 
designed to receive a rectified AC voltage 182 that is proportional to the 
rectified AC voltage generated by the AC/DC converter circuit 14 and 
conditioned by the line voltage signal conditioning circuit 180 (the "line 

20 feedback signal 182"). The line feedback signal 182 may have a value 
ranging from 0-5 volts DC, with 0 volts representing a minimum line voltage 
and 5 volts representing a maximum line voltage. The microcontroller circuit 
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22 uses this feedback signal to monitor the AC input voltage 28 supplied by 
the AC power source 26 and, if it drops too low, shuts down the software 
dimming ballast 10. 

[0086] The blocking capacitor feedback input is connected to the half 
5 bridge DC blocking capacitor 170 (the "blocking capacitor 170") through a 
blocking capacitor signal conditioning circuit 184 (see Fig. 8) and is designed 
to receive a DC voltage 186 that develops on the blocking capacitor 170 (the 
"blocking capacitor feedback signal 186") and is conditioned by the blocking 
capacitor signal conditioning circuit 184. The blocking capacitor feedback 
10 signal 186 may have a value ranging from 0-5 volts DC. The microcontroller 
circuit 22 uses this feedback signal to monitor the condition of the lamp 112 
and to detect end of lamp life fault conditions. If an end of lamp life condition 
occurs, the microcontroller circuit 22 shuts down the software dimming 
ballast 10. 

15 [0087] The microcontroller IC 172 converts the analog dimming control 
signal 174, the lamp dimming level feedback signal 178, the line feedback 
signal 182, and the blocking capacitor feedback signal 186 into digital data. 
The analog dimming control signal 174 is converted into digital data that is 
representative of the desired lamp dimming level associated with the analog 

20 dimming control signal (the "desired dimming level digital data") and the 
lamp dimming level feedback signal 178 is converted into digital data 
representative of the existing lamp dimming level associated with the lamp 
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dimming level feedback signal (the "existing dimming level digital data"). In 
a similar manner, the line feedback signal 182 is converted into digital data 
representative of the line voltage associated with the line feedback signal (the 
"line voltage digital data") and the blocking capacitor feedback signal 186 is 
5 converted into digital data representative of the blocking capacitor voltage 
associated with the blocking capacitor feedback signal (the "blocking 
capacitor digital data"). 

[0088] The inverter HS control output is connected to the HS drive 
input on the switching control circuit 122 in the inverter circuit 18 and is 
10 used to supply the switching control circuit 122 with the microcontroller HS 
control signal discussed previously. 

[0089] The microcontroller LS drive output is connected to the LS drive 
input on the switching control circuit 122 in the inverter circuit 18 and is 
used to supply the switching control circuit 122 with the inverter LS control 
15 signal discussed previously. 

[0090] The control software 

[0091] The applicant of the present application has developed three 
different versions of the control software (the "software") that can be loaded 
on the microcontroller IC 172 and used to control lamp preheating, striking, 
20 and dimming. The first, the analog control software, is designed to be used 
when lamp dimming is controlled using the analog dimming control signal. 
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The second, the digital control software, is designed to be used when lamp 
dimming is controlled using the digital dimming control signal. And, the 
third, the combination control software, is designed to be used when lamp 
dimming is controlled using either an analog dimming control signal or a 
5 digital dimming control signal. The preheating and striking code used in 
each version of the software is the same. 

[0092] The analog control software (the "analog software") is designed 
to cause the microcontroller IC 172 to compare the desired dimming level 
digital data 188 and the existing dimming level digital data 190 to determine 
10 if the lamp 112 is at the desired lamp dimming level. If not, the analog 
software causes the microcontroller IC 172 to change the duty cycle, i.e., the 
pulse width, of the inverter HS and LS pulse width modulated control signals 
until the lamp 112 reaches the desired lamp dimming level. 

[0093] If the existing lamp dimming level is higher than the desired 
15 lamp dimming level, i.e., the existing lamp light output is dimmer than 
desired, the pulse width is increased and the lamp light output increases. 
Conversely, if the existing lamp dimming level is lower than desired, i.e., the 
existing lamp light output is brighter than desired, the pulse width is 
decreased and the lamp light output decreases. 

20 [0094] The analog software is also designed to read the line voltage 
digital data and the blocking capacitor digital data and to store this data in 
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the microcontroller IC 712. The analog software compares the line voltage 
digital data to digital data stored in the microcontroller memory that is 
representative of a minimum line voltage that can be applied to the software 
dimming ballast 10 and that allows the inverter circuit 18 to operate properly 
5 (the "minimum line voltage data"). If the comparison indicates that the line 
voltage is below the minimum line voltage, the analog software causes the 
microcontroller IC 172 to shut down the software dimming ballast 10. 

[0095] The analog software compares the blocking capacitor digital 
data to digital data stored in the microcontroller IC 172 that is representative 
10 of a DC end of lamp life voltage on the blocking capacitor 170 that indicates 
the lamp 112 has reached an end of lamp life condition (the "end of lamp life 
data"). If the comparison indicates that the voltage on the blocking capacitor 
170 is equal to the end of lamp life voltage, the analog software causes the 
microcontroller IC 172 to shut down the software dimming ballast 10. 

15 [0096] The digital software operates in a similar manner. The digital 
software is designed to read the digital data applied to the digital dimming 
input and the existing dimming level digital data generated by the 
microcontroller IC 172 and to store that data in the microcontroller IC 172. 
The digital software then processes the desired dimming level digital data 

20 and the existing dimming level digital data in the same manner as the analog 
software discussed above. 
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[0097] The combination software includes code that allows it to 
determine if an analog dimming control signal or a digital dimming control 
signal has been applied to the microcontroller IC 172. If an analog dimming 
control signal is applied, the combination software operates in the same 
5 manner as the analog software described previously. If a digital dimming 
control signal is applied, the combination software operates in the same 
manner as the digital software discussed above. If both types of dimming 
control signals are applied, the combination software defaults to using the 
digital dimming control signal to control lamp dimming. 

10 [0098] The lamp dimming level feedback signal conditioning circuit 20 

[0099] Referring to Fig. 9, the lamp dimming level feedback signal 

conditioning circuit 20 (the "feedback signal conditioning circuit 20") is 
designed to be connected to the inverter circuit 18, to receive an AC lamp 
current feedback signal from the inverter circuit 18 that is proportional to AC 

15 current flowing through the lamp 112, and to convert that AC lamp current 
feedback signal into the analog DC voltage feedback signal 178 that is 
supplied to the microcontroller circuit 22. More specifically, the feedback 
signal conditioning circuit 20 converts the AC lamp current feedback signal 
into an AC voltage signal, limits that AC voltage signal to a predetermined 

20 AC voltage level to generate a limited AC voltage, rectifies that limited AC 
voltage to generate a rectified DC voltage, filters that rectified DC voltage to 
obtain a filtered DC voltage, amplifies the filtered DC voltage to generate an 
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amplified DC voltage, rectifies the amplified DC voltage to eliminate negative 
going transients, and filters the rectified and amplified DC voltage to 
generate the analog DC voltage feedback signal 178. 

[0100] To implement these functions, the feedback signal conditioning 
5 circuit 20 includes a voltage generating circuit 210, an amplifying circuit 212 
connected to the voltage generating circuit 210, a rectifying circuit 214 
connected to the amplifying circuit 212, and an output filter circuit 216 
connected to the rectifying circuit 214. 

[0101] As shown in Fig. 9, the voltage generating circuit 210 includes a 
10 pair of resistors, 218 and 220, connected in parallel with one another and a 
Zener diode 222 connected in parallel with the resistors. The resistors, 218 
and 220, convert AC lamp current from the inverter circuit 18 into AC 
voltage, and the Zener diode 222 rectifies the AC voltage to generate a DC 
voltage and limits the DC voltage to the breakdown voltage of the Zener 
15 diode 222. 

[0102] To reduce the amount of power dissipated, the resistors, 218 and 
220, are sized so that they have as little resistance as possible and are still 
able to generate an AC voltage suitable for use by the amplifying circuit 212. 
In addition, the breakdown voltage of the Zener diode 222 is selected so that 
20 the DC voltage applied to the amplifying circuit 212 does not exceed the input 
voltage limitations of that circuit. 
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[0103] The amplifying circuit 212 includes an operational amplifier 
224, an amplifier input filter 226, and an amplifier gain circuit 228. In Fig. 9, 
the operational amplifier 224 is a conventional operational amplifier and 
includes an inverting input, a noninverting input, and an amplifier output. 
5 In combination with the amplifier gain circuit 228, the operational amplifier 
224 amplifies the DC voltage signal generated by the voltage generating 
circuit 210 so that it can be applied to the microcontroller circuit 22. 

[0104] The amplifier gain circuit 228 includes a gain resistor 232 and 
gain capacitor 234 connected in parallel with one another and connected to 
10 the inverting input and the output of the amplifier 224. These two 
components determine, in part, the gain of the operational amplifier 224. 
Amplifier gain is also determined, in part, by a second gain resistor 234 
connected to the inverting and noninverting inputs of the operational 
amplifier 224 as shown in Fig. 9. 

15 [0105] The amplifier input filter 226 is connected to the inverting input 
of the operational amplifier 224 and is a low pass input filter designed to 
filter out high frequency noise that may be present in the DC voltage 
generated by the voltage generating circuit 210. The amplifier input filter 
226 includes an input filter resistor 236 connected to an input filter capacitor 

20 238. 

[0106] The rectifying circuit 214 shown in Fig. 9 is a conventional diode 
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214 that simply rectifies the output of the amplifying circuit 212 to generate 
a rectified DC voltage. The output filter circuit 216 is a low pass filter circuit 
designed to filter out high frequency noise that may be present in the 
rectified DC voltage generated by the rectifying circuit 214 and includes an 
5 output filter resistor 240 connected in series with an output filter capacitor 
242. The output filter circuit 216 also includes a second output filter resistor 
244 that is used to discharge the output filter capacitor 242 when the voltage 
applied to the output filter circuit 216 drops to zero. 

[0107] Alternative embodiments of the present invention 

10 [0108] The software dimming ballast 10 of the present invention may 
vary in a number of different ways. For example, the software dimming 
ballast 10 as described above may be connected to a DC power source rather 
than the AC power source 26. Alternatively, the converter circuit 14 and the 
PFC circuit 16 in the above-referenced embodiment can be eliminated 

15 entirely and this modified version of the software dimming ballast 10 can be 
connected to the DC power source. 

[0109] The 60 Hz AC power source 26 may be replaced with a 50 Hz AC 
power source in another embodiment. In that embodiment, the various 
circuit components included in the software dimming ballast 10 are designed 
20 to receive 50 Hz AC power rather than 60 Hz AC power. 

[0110] In other embodiments, the EMI filter and the PFC circuits may 
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both be excluded from the software dimming ballast 10 of the present 
invention. This is true regardless of whether an AC power source or a DC 
power source is to be connected to the software dimming ballast 10. If there 
is very little noise present in the software dimming ballast 10, or the noise is 
5 at a tolerable level for a certain application, the EMI filter circuit 12 may be 
excluded. Also, if power factor correction is not an issue and the DC power 
generated by the converter circuit 14 or a DC power source is sufficiently 
high, the PFC circuit may be excluded. 

[0111] In still other embodiments, a variety of different types of EMI 
10 filter and PFC circuits may be used with the present invention. The prior art 
includes EMI filter circuits that have different filtering capabilities and any 
one of these filters may be used with embodiments of the present invention. 

[0112] Similarly, the prior art includes a variety of different types of 
PFC circuits. For example, the prior art includes PFC circuits that provide 

15 power factors that are less than 0.95. In addition, the prior art includes PFC 
circuits that do not generate a boosted DC voltage at all or generate a boosted 
DC voltage that has a magnitude that is less than 450 volts. Other PFC 
circuits use different PFC ICs and have switching frequencies that are higher 
or lower than the 10-15 kHz switching frequency discussed above. Any one of 

20 these PFC circuits may be used in embodiments of the present invention. 

[0113] AC/DC converter circuits are well known in the art and any one 
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of a variety of different types of converters may be used in embodiments of 
the present invention. For example, the prior art includes single diode 
converters and half-bridge converters. Embodiments of the present invention 
may include either of these types of converters. Still other embodiments may 
5 include regulator circuits that include different regulator ICs. 

[0114] The inverter circuit 18 used in the present invention may also 
vary. For example, the inverter circuit 18 may include a full bridge 
transistor switching circuit or a push pull transistor switching circuit. In 
addition, the inverter circuit 18 may include a parallel resonant LC output 
10 circuit rather than the series resonant LC output circuit discussed above. 
The inverter circuit 18 may use BJT or MOSFET power transistors. 

[0115] The inverter circuit 18 may output AC output voltages having a 
variety of different frequencies in order to preheat and strike the lamp 112. 
The magnitude of the AC output voltages may be higher or lower than the 
15 450 volt AC output voltage discussed previously. The inverter circuit 18 may 
include different inverter ICs, different microcontroller ICs, or both. The 
control software may be designed to cause the microcontroller IC 172 to vary 
the frequency of the pulse width modulated inverter control signals in order 
to control lamp dimming rather than varying the duty cycle of the inverter 



20 control signals. The control software mayLalso be designed to generate 
inverter control signals having varying duty cycles and frequencies in order 
to control lamp dimming. 
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[0116] The control software may be modified so that it does not process 
the line voltage and HB capacitor feedback signals and shut down the 
software dimming ballast 10 when these signals indicate that the line voltage 
is too low or the lamp 112 has reached an end of lamp life condition. The 
5 microcontroller IC 172 may be designed to receive and process digital 
dimming control signals that have a variety of different digital protocols. The 
software dimming ballast 10 may also include an analog dimming signal 
conditioning circuit 20 that can be used to convert a 0-10 volt analog dimming 
control signal generated by a conventional 0-10 volt dimming control device 
10 into a 0-5 volt analog dimming control signal required by the microcontroller 
IC. 

[0117] The feedback signal conditioning circuit 20 may also vary from 
one embodiment to another. For example, the feedback signal conditioning 
circuit 20 may be modified so that it does not limit the AC voltage generated 

15 by this circuit, filter the rectified DC voltage generated by this circuit, 
amplify the filtered DC voltage generated by this circuit, rectify the amplified 
DC voltage signal generated by this circuit, or so that it does not filter the 
rectified and amplified DC voltage signal generated by this circuit. In 
addition, the amplifier gain circuit may be modified so that it can be adjusted 

20 by the control software so that the gain of the amplifier is dependent upon 
the magnitude of the rectified DC voltage applied to the amplifier. If the DC 
voltage drops down to a predetermined level, the gain can be increased. In a 
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similar manner, if the DC voltage increases to a predetermined level, the 
gain can be decreased. 

[0118] Thus, although there have been described particular 
embodiments of the present invention of a new and useful Software 
5 Controlled Electronic Dimming Ballast, it is not intended that such 
references be construed as limitations upon the scope of this invention except 
as set forth in the following claims. 
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